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© Controllable quadrature oscillator. 



© Controllable quadrature oscillator having a pair of 
oscillator outputs (01. 02) for supplying a pair of 
phase quadrature oscillator signals, and a cascade 
circuit of two quadrature sections (A, B), which cir- 
cuit is incorporated in a regenerative loop, one (B) of 
the two quadrature sections being arranged between 
the two oscillator outputs and realising a 90° phase 
shift in the regenerative state of the loop. In order to 
increase the frequency control range of such a con- 
trollable quadrature oscillator and to provide the pos- 
sibility of integration, at least the said quadrature 
section comprises a cascade circuit of two stages 
(B1, B2) arranged in a signal path between an input 

U terminal and an output terminal, one stage (B1) 
comprising a first amplifier having a low-pass char- 

Wacteristic and the other stage comprising a second 

J amplifier (B2) having a low-pass characteristic, said 
second amplifier having a feedback path, and the 
gain of at least one of the two amplifiers being 

p£ controllable for controlling the frequency of the pair 
of phase quadrature oscillator signals. 



IHVl 




TlGl 



FI6.1 



ui 



Xerox Copy Centre 



BNSDOCID: <EP 0371549A1 J_> 



EP 0 371 549 Al 



Controllable quadrature oscillator 



The invention relates to a controllable quadra- 
ture oscillator having a pair of oscillator outputs for 
supplying a pair of phase quadrature oscillator sig- 
nals, and a cascade circuit of two quadrature sec- 
tions, which circuit is incorporated in a regenerative 
loop, one of the two quadrature sections being 
arranged between the two oscillator outputs and 
realising a 90° phase shift in the regenerative state 
of the loop. 

Such a controllable quadrature oscillator is 
known, for example, from United States Patent No. 
3,936,773. 

The cascade circuit of the two quadrature sec- 
tions is regeneratively fed back from the output to 
the input for the frequency at which the gain in the 
loop formed for the quadrature sections and the 
feedback is one and a phase shift of 90° occurs in 
each of the two quadrature sections. To this end 
each of the two quadrature sections of the known 
quadrature oscillator comprises an integrator and 
an analog multiplier. 

For each frequency within a given frequency 
range the integrator realises a 90° phase shift, 
while the loop gain for a desired frequency within 
the last-mentioned frequency range is controlled at 
the value of one by means of the said analog 
multiplier of each of the two quadrature sections. 
Since this frequency range determines the oscilla- 
tor control range and in itself is comparatively 
narrow (in practice the integrators realise an ac- 
curate 90° phase shift only for some frequencies), 
the known quadrature oscillator comprises a phase 
correction circuit in which an amplitude controllable 
part of the output signal of one of the two quadra- 
ture sections is added to its input signal. Although 
this results in a given increase of the oscillator 
control range, it appears in practice that the control 
range of the known oscillator is limited at its upper 
side to a maximum value of the order of 100 kHz 
and unwanted large deviations in the phase 
quadrature relation between the two phase quadra- 
ture oscillator signals are not prevented by means 
of the said phase correction circuit. Moreover, com- 
paratively large time constants are required for low 
oscillation frequencies in the known oscillator. To 
realise such large time constants in integrated cir- 
cuits, a comparatively large quantity of chip surface 
is required so that the known oscillator, particularly 
for low oscillator frequencies, is less suitable for 
integration. 

it is an object of the invention to provide, inter 
alia , an integrable quadrature oscillator which, as 
compared with the known quadrature oscillator, - 
provides a considerably more accurate phase 
quadrature relation between the two phase quadra- 



ture oscillator signals and which relation can be 
maintained over a frequency range extending from 
a lower limit frequency to an upper limit frequency 
which is many times lower and may even be nega- 

5 tive or which is many times higher, respectively, 
than that of the frequency range of the known 
quadrature oscillator. 

According to the invention a controllable 
quadrature oscillator of the type described in the 

70 opening paragraph is therefore characterized in 
that at least the said quadrature section comprises 
a cascade circuit of two stages arranged in a signal 
path between an input terminal and an output ter- 
minal, one stage comprising a first amplifier having 

75 a low-pass characteristic and the other stage com- 
prising a second amplifier having a low-pass char- 
acteristic, said second amplifier having a feedback 
path and the gain of at least one of the two 
amplifiers being controllable for controlling the fre- 

20 quency of the pair of phase quadrature oscillator 
signals. 

The invention is based on the recognition that 
a feedback amplifier varying in gain and having a 
given, fixed low-pass characteristic effectively ex- 

25 hibits a time constant varying with the gain and that 
together with a further fixe^d time constant, and by 
means of a correct gain control it is particularly 
suitable for shifting the desired frequency within 
the variation range of this effective time constant 

30 accurately through 90° in a quadrature section of a 
quadrature oscillator. 

When using the measure according to the in- 
vention, the controllable effective time constant of 
the second amplifier realises a controllable phase 

35 shift in addition to a phase shift which is realised 
by the fixed time constant of the first amplifier so 
that a total phase shift of 90° is achieved for a 
desired frequency. Whereas the gain of the second 
amplifier is mainly adjusted for obtaining an ac- 

40 curate 90° phase shift for the desired frequency, 
the gain of the first amplifier is mainly adjusted for 
adjusting the loop gain at a value of one for this 
frequency. As a result, the frequency control range 
and the accuracy of the phase quadrature relation 

45 between the two phase quadrature oscillator sig- 
nals is fundamentally larger than in the case of the 
known quadrature oscillator. 

For the said gain adjustment it is not necessary 
for each one of the two amplifiers of the quadrature 

so sections to be controllable, but it may be sufficient 
for only one of the two amplifiers to be controllable 
and for the other amplifier to be an ampiifier/limiter 
(clipper) if, for example, square wave-shaped os- 
cillator signals are acceptable or desirable. Since 
an ampiifier/limiter operating in its limiting mode 
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has a gain which is dependent on the input signal 
amplitude, the gain of the am p!ifier/li miter can be 
simultaneously adjusted by means of a single ad- 
justment of the gain of the controllable amplifier at 
such a value that as a whole a gain of one is 
achieved for the desired frequency in the relevant 
quadrature section. 

The controllable quadrature oscillator according 
to the invention is particularly suitable in an in- 
tegrated form because parasitic capacitances 
which are inherent in integrated circuits and which 
of themselves realise a low-pass filter effect can 
then be utilized. 

The accuracy of the said phase quadrature 
relation is enhanced in a preferred embodiment of 
the controllable quadrature oscillator according to 
the invention which is to this end characterized in 
that the other quadrature section also comprises a 
cascade circuit of two stages which correspond to 
the first-mentioned two stages, each quadrature 
section having a signal path between an input and 
an output incorporating the signal path of the first 
amplifier and the feedback path of the second 
amplifier, the signal path of the second amplifier 
being located outside the said signal path between 
the input and the output of each quadrature sec- 
tion. 

For a further increase of the frequency control 
range such a controllable quadrature oscillator is 
characterized in that at least the second amplifier 
of each of the two quadrature sections has a first 
order low-pass characteristic. 

A quadrature oscillator according to the inven- 
tion, which is particularly suitable for generating 
phase quadrature oscillator signals having com- 
paratively high frequencies, is preferably character- 
ized in that the second amplifier of each of the two 
quadrature sections is negatively fed back via the 
feedback path anfd in that for increasing the os- 
cillator frequency the gain of both the first and the 
second amplifier in each of the two quadrature 
sections increases, and conversely. 

A quadrature oscillator according to the inven- 
tion, which is particularly suitable for generating 
phase quadrature oscillator signals having lower 
frequencies as compared with the previous em- 
bodiment, is preferably characterized in that the 
second amplifier of each of the two quadrature 
sections is positively fed back via the feedback 
path and in that for increasing the oscillator fre- 
quency the ratio between the gain of the first 
amplifier and that of the second amplifier in each of 
the two quadrature sections increases, and con- 
versely. 

In order to avoid the use of large time con- 
stants in the last-mentioned controllable quadrature 
oscillator according to the invention, it is preferably 
characterized in that the stage comprising the sec- 



ond amplifier has an input in common with a third 
amplifier having a low-pass characteristic and a 
fixed gain, and an output which is coupled to a first 
input of a subtractor stage, an output of the third 

5 amplifier being coupled to a second input of the 
subtractor stage for subtracting the output signal at 
the third amplifier from that of the said stage com- 
prising the second amplifier, the 3 dB limit fre- 
quencies of the first and third amplifiers being 

10 higher than that of the second amplifier. 

Another alternative for avoiding large time con- 
stants is characterized by a fourth amplifier having 
a low-pass characteristic and a fixed gain, which 
amplifier has a positive feedback path whose signal 

75 path is located outside, and its positive feedback 
path is located in the signal path between the input 
and the output of each quadrature section, the 3 
dB limit frequencies of the first and fourth amplifi- 
ers being higher than that of the second amplifier. 

20 For obtaining sinusoidal oscillator signals hav- 

ing a high spectral purity and a frequency-indepen- 
dent amplitude, another preferred embodiment has 
an automatic gain control and is characterized in 
that the gains of the first amplifiers as well as those 

25 of the second amplifiers are mutually equal and are 
controllable in mutually equal directions by means 
of a first and a second control signal at a common 
first and a second control terminal, respectively, 
and in that a control signal generating circuit is 

30 arranged between the pair of oscillator outputs and 
the said first and second control terminals and 
comprises an amplitude detection device for de- 
tecting the amplitude of the vectorial sum of the 
phase quadrature oscillator signals, said amplitude 

35 being negatively fed back to the first and second 
control terminals for the purpose of automatic am- 
plitude control of the oscillator signals. 

A frequency-independent adjustment of the 
amplitude of the oscillator signals at a desired 

40 value in the last-mentioned controllable quadrature 
oscillator with a small harmonic distortion is possi- 
ble in a further preferred embodiment which is 
characterized in that the amplitude detection device 
is coupled to the two control terminals via an 

45 amplitude level control device, an amplitude control 
signal being supplied from an amplitude control 
input to said amplitude level control device, which 
signal is subtracted in the amplitude level control 
device from the said amplitude to be negatively fed 

so back of the vectorial sum of the phase quature 
oscillator signals. 

A simple realisation of this preferred embodi- 
ment is characterized in that the amplitude detec- 
tion device comprises first and second squaring 

55 circuits which are coupled to the respective oscilla- 
tor outputs and to two inputs of an adder stage, 
which adder stage is coupled to the two control 
terminals via a subtractor stage incorporated in the 
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level control device, the amplitude control signal 

being subtracted in said subtracter stage from the 
said amplitude to be negatively fed back of the 
vectorial sum of the phase quadrature oscillator 
signals. 

A considerable simplification of the frequency 
control of the last-mentioned controllable quadra- 
ture oscillator with a small harmonic distortion is 
achieved in yet another preferred embodiment 
which is characterized by a frequency control de- 
vice which is arranged between the amplitude de- 
tection device and the first and second control 
terminals to which a frequency control signal is 
applied from a frequency control input, said fre- 
quency control device comprising a modulating 
device for mutually varying the first and second 
control signals in dependence upon the frequency 
control signal. 

If square wave-shaped oscillator signals are 
desired, it is possible, for example, to incorporate 
the second amplifier in each of the two sections in 
an ampifier/limiter circuit and its control can then 
be dispensed with. Since a frequency control in 
each of the two sections is possible by means of 
only the first control signal at the first controllable 
amplifier, the control signal generating circuit can 
also be dispensed with. 

A further preferred embodiment of a control- 
lable quadrature oscillator according to the inven- 
tion, which supplies phase quadrature oscillator 
signals whose mutual phase relation reverses sign 
when the first control signal reverses sign, is char- 
acterized in that the amplitude detection device is 
coupled to the two control terminals via an am- 
plitude level control device to which arTamplitude 
control signal is applied from an amplitude control 
input, which signal is subtracted in the amplitude 
level control device from the said amplitude to be 
negatively fed back of the vectorial sum of the 
phase quadrature oscillator signals. 

In the case of a controllable quadrature oscilla- 
tor with a small harmonic distortion the modulating 
device should also comprise a multiplier circuit in 
which the afore-mentioned frequency control signal 
is multiplied with the amplitude to be negatively fed 
back of the vectorial sum of the phase quadrature 
oscillator signals in such a way that a reversal of 
the sign of the frequency signal results in a rever- 
sal of the sign of at least the first control signal and 
hence in a reversal of the sign of the output signal 
of the first amplifier in each of the two sections. 

According to the invention a practical preferred 
embodiment of a controllable quadrature oscillator 
with a small harmonic distortion is characterized in 
that the first and the second amplifier in each of 
the two quadrature sections is an emitter-coupled 
transistor pair and a transistor pair fed back from 
collector outputs to base inputs, respectively, 



whose emitters are mutually coupled two mutually 
equal emitter resistors, each transistor pair being 

coupled via two a controllable current source ar- 
ranged in a common emitter lead and the collec- 

5 tors of the two transistor pairs of the first and the 
second quadrature section being coupled to a bal- 
anced first and a balanced second oscillator output, 
respectively, and to the bases of the transistor pair 
of the first amplifier in the second and the first 

70 quadrature section, respectively. 

To provide the possibility of continuous fre- 
quency control through the zero value, the last- 
mentioned quadrature oscillator is characterized in 
that each collector of the transistor pair of the first 

75 amplifier in each of the two quadrature sections is 
connected to a supply voltage via a parallel ar- 
rangement of a collector resistor" and a voltage 
divider, which voltage divider comprises two series 
resistors having a common node to which one of 

20 the two collectors of the transistor pair of the sec- 
ond amplifier is coupled via a resistor. 

The invention will now be described in greater 
detail with reference to the accompanying drawings 
which only serve to illustrate the invention and in 

25 which mutually corresponding elements have the 
same reference designations. 
In the drawing 

Fig. 1 is a block diagram of a controllable 
quadrature oscillator according to the invention; 

30 Fig. 2A is a first basic circuit diagram of the 

quadrature section of a quadrature oscillator of Fig. 
1; 

Figs. 2B and C show gain characteristics of 
the first and second amplifier stages of the quadra- 
35 ture section of Fig. 2 A; 

Fig. 3 shows an embodiment of the quadra- 
ture oscillator of Fig. 1; 

Fig. 4 is a second basic circuit diagram of an 
integrable quadrature section suitable for compara- 
40 tively low oscillation frequencies; 

Fig. 5 is a third basic circuit diagram of an 
integrable quadrature section suitable for very low 
oscillation frequencies; 

Fig. 6 shows a voltage divider for use in the 
45 controllable quadrature oscillator of Fig. 3; 

Fig. 7 is a fourth basic circuit diagram of a 
quadrature section. 

Fig. 1 shows a controllable quadrature oscilla- 
tor according to the invention, comprising a regen- 
50 erative loop which incorporates a cascade circuit of 
two mutually identical quadrature sections - 
hereinafter briefly referred to as sections - A and B 
regeneratively fed back from an output 02~"bf B to 
an input 11 of A via an inverter circuit INV1~An 
55 output 01 of A is connected to an input 12 of B 
and, together with the output 02 of B, it constitutes 
a pair of oscillator outputs for supplying a pair of 
phase quadrature oscillator signals between which 
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the section B is arranged. Each section A and B 
has a signal~path between the input 11, 12 and the 
output 01, 02, which signal path incorporates a 
cascade circuit of two stages. Each section A and 
B comprises one of the two stages and a first 
amplifier A1, B1 with a low-pass characteristic and 
the other stage comprises a second amplifier A2, 
B2 with a low-pass characteristic, respectively, 
which is provided with a feedback path. 

In the embodiment shown the input of the first 
amplifier A1, B1 in each section is also the input 11, 
12 of the relevant section and outputs of the first 
and second amplifiers A1, A2 and B1, B2 are 
coupled to signal combination circuits A3 and B3. 
respectively. Outputs of A3 and B3 constitute the 
said oscillator outputs 01 and 02, respectively, and 
are fed back to inputs of the second amplifiers A2 
and B2. Consequently, the signal path of the sec- 
tions A . B incorporates the signal path of the first 
amplifiers~A1 , B1 and the feedback path of the 
second amplifiers A2, B2. The signal path of the 
second amplifiers A2, B2 is thus outside the signal 
path of the relevant sections A , B . The first and 
second amplifiers A1, B1 and A2, B2 are gain 
controllable by means of first and second control 
signals h and I, respectively, which are applied in 
common from a control signal generating circuit to 
be further described to the two first amplifiers A1 
and B1 and second amplifiers A2 and B2 via con- 
trol terminals H and L, respectively. 
. To elucidate the operating principle of the 
quadrature oscillator described so far, reference is 
made to Figs. 2A-2D. Fig. 2A shows a basic circuit 
diagram of a single section corresponding to each 
of the afore-mentioned sections A and B with a first 
amplifier Gh, rh with gain Gh and a first order low- 
pass characteristic with a time constant rh and a 
second amplifier Ql, rl with a gain Gl and a first 
order low-pass characteristic with a time constant tI 
and a positive feedback. The output signals of the 
two amplifiers are added together due to the posi- 
tive feedback in the signal combining circuit S. 

Fig. 2B shows gain characteristics of the first 
amplifier Gh, rh at different gain adjustments Gh1- 
Gh3. It appears that a gain variation of this first, 
amplifier stage only influences the amplitude of the 
output signal of this first amplifier at a given fre- 
quency, but does not influence its phase. 

Fig. 2C shows gain characteristics of the stage 
in which the second positive-feedback amplifier is 
incorporated, hereinafter referred to as second am- 
plifier stage, i.e. measured from the input located at 
the output of the first amplifier Gh, rh of the signal 
combining circuit S to the output of the section at 
three different adjustments of the gain Gl. it ap- 
pears therefrom that in spite of a constant value for 
rl an effective time constant occurs which varies 
with the gain adjustment, in the given case for gain 



adjustments GI1-GI3 between T1 and T3. A gain 
variation in this stage influences both the phase 
and the amplitude of the output signal of the last- 
mentioned stage at a given frequency. This pro- 

5 vides the possibility of realising a phase shift in this 
second amplifier stage by means of a correct gain 
adjustment of the second amplifier so that in addi- 
tion to the phase shift in the first amplifier stage a 
total phase shift of 90° is achieved at a given 

10 frequency in the section as a whole. The time 
constants I and h should then be mutually different 
and should preferably deviate from each other by 
at least 10%. By a correct gain adjustment of the 
first amplifier stage such a gain can be obtained for 

75 this frequency that, together with the gain of the 
second amplifier stage, a gain of one occurs in the 
section as a whole. 

A frequency control is possible by means of a 
variation in the gain ratio between the first and 

20 second amplifiers in each of the two stages. If 
square wave-shaped oscillator signals are desirable 
or, more generally the shape of the oscillator sig- 
nals is of lesser importance, it is sufficient to imple- 
ment one of the two amplifiers in each section as a 

25 controllable amplifier and to implement the other 
amplifier as a non-controllable amplifier/limiter, for 
example, an amplifier in combination with a clipper. 
For example, the first amplifier in each of the two 
stages can be chosen for this purpose so that only 

30 the gain of the second amplifier in each stage 
should be controlled for a frequency control. In 
fact, due to the loop operation a gain control of the 
second amplifier can automatically adjust the gain 
of the first non-controllable amplifier/limiter at a 

35 value which is required for oscillation at the desired 
frequency. 

However, if a low harmonic distortion over a 
large frequency control range is required, the gain 
of the two amplifiers in each stage should be 

40. controlled in such a way that non-linearities are 
avoided when adjusting the correct gain ratio be- 
tween the first and second amplifiers for realising 
the oscillation condition for a given desired fre- 
quency. To render such an adjustment of the ratio 

45 between the control signals h and I possible in a 
simple manner, use is made of a control generating 
circuit CC , as is shown in Fig. 1. This circuit is 
arrange"3"between the pair of oscillator outputs 01 , 
02 and the said control terminals H and L and 

so comprises an amplitude detection device 
SQ1 ,SQ2,S for detecting the amplitude of the vec- 
torial sum of the phase quadrature oscillator signals 
a and b, followed by an amplitude adjusting device 
D which is coupled to first inputs of first and 

55 second modulators M1 and M2 of a frequency 
control device via an inverter circuit INV2. A fre- 
quency control "signal f and a reference level f re f 
are applied to this frequency control device via 
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second inputs If and Ifref of these two modulators 
M1 and M2, which results in the beforementioned 
control signals h and I at outputs of M1 and M2, 
which control signals are applied to the control 
terminals H and L. The amplitude detection device 
SQ1,SQ2,S comprises first and second squarers 
SQ1 and SQ2, inputs of which are coupled to 
oscillator outputs 01 and 02 for squaring the os- 
cillator signals a and b at 01 and 02, respectively, 
and outputs of which are connected to an adder 
circuit S in which a measure (a 2 + b 2 ) for the 
amplitude of the vectorial sum of a and b - 
hereinafter briefly referred to as oscillator ampli- 
tude - is obtained. An automatic gain control sta- 
bilizing the oscillator amplitude at one given value 
is obtained by means of a negative feedback of 
this oscillator amplitude to each of the two control 
terminals H and L via the inverter circuit INV2. 

By subtracting an adjustable amplitude level 
from the oscillator amplitude to be negatively fed ^. 
back at the output of the adder circuit S, it is 
possible to adjust the amplitude of the phase 
quadrature oscillator signals a and b at the outputs 
01 and 02 at a fixed desired value. To this end the 
adder circuit S is coupled to a subtractor stage 
operating as an amplitude adjusting device T, to 
which stage an amplitude control signal is applied 
via an amplitude control input la, which amplitude 
control signal is subtracted from the last-mentioned 
oscillator amplitude to be negatively fed back. 

The control of the ratio between the control 
signals h and I required for a frequency control is 
realised by means of a variation of the frequency 
signal f with respect to the fixed reference level f r6 f 
by which the output signal of INV2, i.e. the oscilla- 
tor amplitude to be negatively fed back is 
amplitude-modulated and adjusted at a reference 
level in the first and second modulators M1 and 
M2, respectively. If the frequency control signal f 
may assume positive as well as negative values, at 
least the first modulator M1 and each one of the 
first controllable amplifiers A1 and B1 should be 
implemented as multiplier circuits. As a result the 
control signal h as well as the output signals of the 
first controllable amplifiers A1 and B1 become neg- 
ative when the frequency control signal f becomes 
negative. The quadrature oscillator can then supply 
"positive" frequencies as well as "negative" fre- 
quencies, in which case the 90° phase difference 
between the oscillator output signals a and b at 01 
and 02, respectively, may reverse sign. 

if this possibility is not utilized, controllable 
amplifiers or attenuators may be used for M1 and 
M2 as modulators. The output signal of M1 is 
subsequently applied as a control signal h to the 
control terminal H, while the output signal of INV2 
brought to a given fixed reference level by means 
of the frequency reference signal f re t in the modula- 



tor M2 is applied as a control signal 1 to the 
control terminal L. 

It is evident that the operation of the adder 
circuits A3, B3 and the adder circuit S and the 

5 subtractor stage D can be combined with that of 
the inverter circuits INV1 and INV2, respectively, or 
these inverter circuits INV1 and INV2 can be ar- 
ranged at other positions in the oscillator loop and 
the control loop, respectively. 

10 In the embodiment shown the second amplifi- 

ers in the two sections A and B are positively fed 
back via A3 and B3. This embodiment is particu- 
larly suitable for generating oscillation frequencies 
in a frequency control range which is mainly below 

75 the 3 dB resonance frequency of the low-pass 
characteristic of the second amplifiers A2 and B2. 
If the low-pass characteristic of these second am- 
plifiers A2 and B2 is produced by parasitic effects 
which are inherent in an integrated implementation, 

20 this 3 dB resonance frequency, hereinafter referred 
to as fl, may be several tens of MHz and the 
frequency control range may range from very low 
frequencies to the order of fl, both positively and 
negatively. 

25 However, it is alternatively possible to nega- 

tively feed back the second amplifiers A2 and B2 
of each of the two sections A and B . To this end 
subtractor circuits should be used for the signal 
combination circuits A3 and B3. In these subtractor 

30 circuits the output signal of the second amplifier 
A2, B2 should be subtracted from, or added with a 
negative sign to the output signal of the first am- 
plifier A1, B1 in each of the two sections. As a 
result, the frequency control range of the control- 

35 lable quadrature oscillator is mainly above the said 
3 dB resonance frequency fl and this embodiment 
is particularly suitable for very high oscillation fre- 
quencies. 

Fig. 3 shows a first balanced realisation of the 

40 phase quadrature oscillator of Fig. 1 with positively 
fed back second amplifiers A2 and B2, which em- 
bodiment is particularly suitable for integration. A 
low-pass characteristic is produced for each am- 
plifier as a result of parasitic elements which are 

45 inherent in an integrated implementation. In this 
practical embodiment the first and second amplifi- 
ers A1 and A2 of A are realised by means of 
transistor pairs T1, T2 and T3, T4, respectively, 
and the first and second amplifiers B1 and B2 of B 

so are realised by means of transistor pairs T5, T6 
and T7, T8, respectively. The emitters of T1 and 
T2 and of T5 and T6 are connected in common to 
controlled emitter current sources IA1 and IB1, 
respectively, while the emitters of T3 and T4 and 

55 T7 and T8 are each connected to commonly con- 
trolled emitter current sources IA2 and IB2, respec- 
tively, via mutually equal emitter resistors Re. The 
emitter~"resistors Re are used for linearizing the 
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gain of the second amplifiers T3, T4 and T7, T8. 

The transistor pairs T3, T4 and T7, T8 are 
positively fed back by means of a cross-coupling of 
base and collector and their collector outputs are 
connected to the collector outputs of the transistor 
pairs T1 , T2 and T5, T6, respectively. The common 
nodes of the collector outputs of T1 and T3; T2 
and T4; T5 and T7 and T6 and T8 are each 
connected to a supply voltage via mutually equal 
collector resistors Rc and operate as balanced sig- 
nal combination circuits A3 and B3, respectively, in 
which the signals are added. These nodes also 
constitute the balanced outputs 01_ and 02 of the 
quadrature oscillator. The collectors of T5 and T6 
are coupled to the bases of T1 and T2, while the 
collectors of T2 and T1 are coupled to the bases of 
T5 and T6, respectively, so that a negative feed- 
back from the output of T5, T6 to the input of T1, 
T2 is obtained, which results in a low-cost real- 
isation of the inverter circuit INV1 . 

The emitter current sources IA1 and IB2 and 
IA2 and IB2 and hence the gain of the first and 
second amplifiers A1, B1 (T1, T2; T5, T6) and A2, 
B2 (T3, T4; T7, T8) are controllable by means of 
the control signals h and I from the control termi- 
nals H and L, respectively, of the control generat- 
ing circuit CC . In the present embodiment the gain 
(Gh) of the first amplifiers A1 and B1 is to increase 
with respect to that (Gl) of the second amplifiers A2 
and B2, and conversely, for an increasing oscilla- 
tion frequency. 

A negative feedback (not shown) for the tran- 
sistor pairs T3, T4 and T7, T8 operating as second 
amplifiers A2 and B2 can be realised in a simple 
manner by mutually short-circuiting the base and 
collector electrode of each transistor T3, T4 ( T7 
and T8. Due to this negative feedback said com- 
mon nodes of the collector outputs of these transis- 
tors function as signal combination circuits A3, B3 
in which the signals are subtracted. For an increas- 
ing frequency the gain of the two amplifiers in each 
section should increase, and conversely. As al- 
ready stated hereinbefore, such an embodiment 
with negatively fed back second amplifiers A2 and 
B2 is particularly suitable for very high oscillation 
frequencies in the GHz range. In an integrated form 
oscillation frequencies from 1 to 3 GHz appear to 
be feasible, using parasitic elements in a technol- 
ogy with transistors at a cut-off frequency of 5 
GHz. The low-pass characteristics of the two am- 
plifiers of each section are then of the first order 
with a time constant rh of the first amplifiers A1 
and B1 which is considerably larger than the time 
constant rl of the second amplifiers A2 and B2. 
When using intentionally provided, non-parasitic 
capacitances, the lower limit of the frequency con- 
trol range can be brought to a much lower fre- 
quency than is possible with parasitic capacitances 



only. Thus, the frequency control range can be 
adjusted at a desired frequency range. 

The integrated version, shown in Fig. 3, with 
positively fed back second amplifiers A2 and B2 

5 has a frequency control range which, based on the 
use of parasitic capacitances, may extend from 
comparatively low oscillation frequencies of the or- 
der of 50 MHz to high oscillation frequencies of the 
order of 1.5 GHz. If very low oscillation frequencies 

w are desired, the time constant rh of the first am- 
plifiers A1 and B1 should be chosen to be large for 
a smooth frequency control, for which an undesir- 
ably large chip surface area is required in the 
embodiment shown. To prevent this, a third am- 

75 plifier G3t3, as shown in Fig. 4, is used in each 
section A and B . 

Fig. 4 shows the basic circuit diagram of a 
single section which is duplicated in the quadrature 
oscillator as section A and B , respectively. The 

20 third amplifier G3t3 has a first order low-pass char- 
acteristic with a time constant r3 and a fixed gain 
G3 and is arranged in cascade with the first am- 
plifier Ghrh. The output signal of the third amplifier 
G3t3 is subtracted via a subtracter stage D2 from 

25 the output signal of the above-mentioned second 
amplifier stage, for which purpose D2 is arranged 
in the signal path between the coupling of the 
adder stage S at the input of the second amplifier 
Girl and the output of the relevant section. The 

30 third amplifier G3t3 in each section A and B pro- 
vides the possibility of realising a smooth frequen- 
cy control to very low frequencies at a time con- 
stant rh of the first amplifier Ghrh which is very 
small or which is even chosen to be zero, for 

35 example, for the purpose of low-cost integration. 

Fig. 5 shows a further basic circuit diagram of 
a single section, which when used in a duplicated 
form as section A and section B in a quadrature 
oscillator according to the invention, is very suit- 

40 able for generating very low oscillation frequencies 
and which, similarly as the section of Fig. 4, avoids 
the necessity of an undesirably large time constant 
for the first amplifier Ghrh. In this basic circuit 
diagram the first amplifier Ghrh is arranged in 

45 cascade with a fourth amplifier G4r4 having a first 
order low-pass characteristic and a time constant 
t4 and a fixed gain G4. This fourth amplifier G4t4 
is positively fed back via an adder stage S ar- 
ranged in the signal path. A first input of S is 

so connected to the input of the section and the fourth 
amplifier G4t4 is arranged between an output and 
a second input of S . This output of S is also 
coupled to an input of the first amplifier Ghrh. The 
fourth amplifier G4r4 enables the frequency to be 

55 smoothly controlled to very low frequency values 
without a noticeably large value for the time con- 
stant r4 so that the quadrature oscillator as a whole 
can be integrated at low cost. The first amplifier 
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stage comprising the positively fed back amplifier 
G4t4, together with the first amplifier Ghrh which is 
arranged in cascade therewith (at which rh is sub- 
stantially 0), has an effective time constant Theff 
which is substantially equal to: rh/(1 - Gh). If, for 
example, Gh = 0.99, heff = 100rh so that a 
comparatively large time constant heff for the first 
amplifier stage as a whole is obtained at a very 
small rh, i.e. a relatively small chip surface area. 

The lower limit frequency in the control range 
of the phase quadrature oscillator of Fig. 3, either 
or not comprising sections based on the principle 
of Fig. 4 or 5, can be further decreased by a four- 
fold application of a voltage divider, as is shsown in 
Fig. 6, in the collector leads of the transistors T1, 
T2 and T5, T6 of A1 and B1. Such a voltage 
divider comprises two series resistors Rc1 and Rc2 
and a resistor Rc3 which is connected to the com- 
mon node of Rc1 and Rc2. The two series resistors 
Rc1 and Rc2 of such a voltage divider are ar- 
ranged in parallel across each collector resistor Rc 
so that a parallel circuit thus formed is connected 
between each collector of T1, T2 and T5, T6 and 
the supply voltage. The collectors of T3, T4 and 
T7, T8 and the corresponding terminals of the 
balanced outputs 01^ and 02 are connected to the 
nodes of Rc1 and Rc2 via the resistors Rc3 of the 
respective voltage dividers. Consequently, with a 
control towards low frequencies, the gain of the 
first amplifiers A1, B1 is further reduced with re- 
spect to that of the second amplifiers A2, B2 than 
is possible by means of only a reduction of the 
emitter tail currents supplied by the emitter current 
sources IA1 and IB1. Moreover the voltage divider 
reduces parasitic crosstalk between inputs and out- 
puts of the transistors of the first amplifers A1 and 
B1. This prevents the oscillator from suddenly 
changing over to an unwanted oscillator mode, for 
example, from 300 kHz to 10 MHz in the case of a 
decreasing gain factor. This results in a possibility 
of controlling the oscillation frequency down to 
zero. If a multiplier circuit for the first amplifiers A1 
and B1 is chosen in such an embodiment, it is 
even possible to generate negative oscillation fre- 
quencies if the control signals h and I are correctly 
chosen, as has already been stated hereinbefore, 
that is to say, oscillation frequencies whose phase 
quadrature relation reverses sign. Such a quadra- 
ture oscillator is particularly advantageous when 
used in quadrature receivers of the Weaver type. 

Fig. 7 shows a basic circuit diagram of a single 
section which can be duplicated in the quadrature 
oscillator according to the invention as section A 
and section B . The second amplifier Girl is aP 
ranged in cascade with the first amplifier Ghrh, i.e. 
the signal paths of the two amplifiers Girl and Ghrh 
are arranged in the signal path from the input to 
the output of the section, while the second am- 
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plifier Girl is fed back via a feedback path located 
outside this signal path. 

Those skilled in the art will recognize that the 
above-described embodiments can be modified in 

5 different ways so as to comply with special applica- 
tions, without departing beyond the scope of the 
invention. For example, it is possible to use a 
different sequence in the cascade arrangement of 
the two amplifiers in each section than the se- 

ro quence shown, to omit the control generating cir- 
cuit CC , for example, if square wave-shaped os- 
cillator signals are desired, and to provide a direct 
control by means of a variation of one of the 
control signals h and I, to interchange the control 

15 signals If and f re f in the control generating circuit 
CC after a suitable adaptation, to incorporate the 
function of the inverter circuit INV1 and/or INV2 in 
one of the signal combination circuits A3 and B3 
and in the subtractor stage D, respectively, etc. It 

20 will therefore be evident that the claims should not 
be limited to the described special embodiments. 



Claims 

25 

1 . A controllable quadrature oscillator having a 
pair of oscillator outputs for supplying a pair of 
phase quadrature oscillator signals, and a cascade 
circuit of two quadrature sections, which circuit is 

30 incorporated in a regenerative loop, one of the two 
quadrature sections being arranged between the 
two oscillator outputs and realising a 90° phase 
shift in the regenerative state of the loop, char- 
acterized in that at least the said quadrature sec- 

35 tion comprises a cascade circuit of two stages 
arranged in a signal path between an input terminal 
and an output terminal, one stage comprising a first 
amplifier having a low-pass characteristic and the 
other stage comprising a second amplifier having a 

40 low-pass characteristic, said second amplifier hav- 
ing a feedback path and the gain of at least one of 
the two amplifiers being controllable for controlling 
the frequency of the pair of phase quadrature os- 
cillator signals. 

45 2. A controllable quadrature oscillator as 

claimed in Claim 1, characterized in that the other 
quadrature section also comprises a cascade cir- 
cuit of two stages which correspond to the first- 
mentioned two stages, each quadrature section 

so having a signal path between an input and an 
output incorporating the signal path of the first 
amplifier and the feedback path of the second 
amplifier, the signal path of the second amplifier 
being located outside the said signal path between 

55 the input and the output of each quadrature sec- 
tion. 

3. A controllable quadrature oscillator as 
claimed in Claim 2, characterized in that at least 

8 
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the second amplifier of each of the two quadrature 
sections has a first order low-pass characteristic. 

4. A controllable quadrature oscillator as 
claimed in Claim 2 or 3, characterized in that the 
second amplifier of each of the two quadrature 
sections is negatively fed back via the feedback 
path and in that for increasing the oscillator fre- 
quency the gain of both the first and the second 
amplifier in each of the two quadrature sections 
increases, and conversely. 

5. A controllable quadrature oscillator as 
claimed in Claim 4, characterized in that the sec- 
ond amplifier of each of the two quadrature sec- 
tions has a 3 dB limit frequency which is lower 
than that of the first amplifier. 

6. A controllable quadrature oscillator as 
claimed in Claim 2 or 3, characterized in that the 
second amplifier of each of the two quadrature 
sections is positively fed back via the feedback 
path and in that for increasing the oscillator fre- 
quency the ratio between the gain of the first 
amplifier and that of the second amplifier in each of 
the two quadrature sections increases, and con- 
versely. 

7. A controllable quadrature oscillator as 
claimed in Claim 6, characterized in that the sec- 
ond amplifier of each of the two quadrature sec- 
tions has a 3 dB limit frequency which is higher 
than that of the first amplifier. 

8. A controllable quadrature oscillator as 
claimed in Claim 6, characterized in that the stage 
comprising the second amplifier has an input in 
common with a third amplifier having a low-pass 
characteristic and a fixed gain, and an output which 
is coupled to a first input of a subtractor stage, an 
output of the third amplifier being coupled to a 
second input of the subtractor stage for subtracting 
the output signal at the third amplifier from that of 
the said stage comprising the second amplifier, the 
3 dB limit frequencies of the first and third amplifi- 
ers being higher than that of the second amplifier. 

9. A controllable quadrature oscillator as 
claimed in Claim 6, characterized by a fourth am- 
plifier having a low-pass characteristic and a fixed 
gain, which amplifier has a positive feedback path 
whose signal path is located outside, and its posi- 
tive feedback path is located in the signal path 
between the input and the output of each quadra- 
ture section, the 3 dB limit frequencies of the first 
and fourth amplifiers being higher than that of the 
second amplifier. 

10. A controllable quadrature oscillator as 
claimed in any one of the preceding Claims, char- 
acterized in that the gains of the first amplifiers as 
well as those of the second amplifiers are mutually 
equal and are controllable in mutually equal direc- 
tions by means of a first and a second control 
signal at a common first and a second control 



terminal, respectively, and in that a control signal 
generating circuit is arranged between the pair of 
oscillator outputs and the said first and second 
control terminals and comprises an amplitude de- 

5 tection device for detecting the amplitude of the 
vectorial sum of the phase quadrature oscillator 
signals, said amplitude being negatively fed back 
to the first and second control terminals for the 
purpose of automatic amplitude control of the os- 

io cillator signals. 

11. A controllable quadrature oscillator as 
claimed in Claim 10, characterized in that the first 
amplifier of each of the two quadrature sections 
forms part of a multiplier circuit arranged in the 

75 said one stage for multiplying the input signal of 
the first amplifier with the first control signal. 

12. A controllable quadrature oscillator as 
claimed in Claim 10 or 11, characterized in that the 
amplitude detection device is coupled to the two 

20 control terminals via an amplitude level control 
device to which an amplitude control signal is ap- 
plied from an amplitude control input, which signal 
is subtracted in the amplitude level control device 
from the said amplitude to be negatively fed back 

25 of the vectorial sum of the phase quadrature os- 
cillator signals. 

13. A controllable quadrature oscillator as 
claimed in Claim 12, characterized in that the am- 
plitude detection device comprises first and second 

30 squaring circuits which are coupled to the respec- 
tive oscillator outputs and to two inputs of an adder 
stage, which adder stage is coupled to the two 
control terminals via a subtractor stage incorpo- 
rated in the level control device, the amplitude 

35 control signal being subtracted in said subtractor 
stage from the said amplitude to be negatively fed 
back of the vectorial sum of the phase quadrature 
oscillator signals. 

14. A controllable quadrature oscillator as 
40 claimed in Claim 10, 11, 12 or 13, characterized by 

a frequency control device which is arranged be- 
tween the amplitude detection device and the first 
and second control terminals to which a frequency 
control signal is applied from a frequency control 
45 input, said frequency control device comprising a 
modulation device for mutually varying the first and 
second control signals in dependence upon the 
frequency control signal. 

15. A controllable quadrature oscillator as 
so claimed in any one of Claims 1 to 9, characterized 

in that one of the two stages in each of the two 
quadrature sections comprises a limiter circuit for 
limiting the amplitude of the output signal of an 
amplifier incorporated in said stage. 
55 16. A controllable quadrature oscillator as 

claimed in any one of Claims 1 to 7, characterized 
in that the first and the second amplifier in each of 
the two quadrature sections is an emitter-coupled 
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transistor pair and a transistor pair fed back from 
collector outputs to base inputs, respectively, 
whose emitters are mutually coupled via two mutu- 
ally equal emitter resistors, each transistor pair 
being coupled to a controllable current source ar- 5 
ranged in a common emitter lead and the collec- 
tors of the two transistor pairs of the first and 
second quadrature sections being coupled to a 
balanced first and a balanced second oscillator 
output, respectively, and to the bases of the tran- w 
sistor pair of the first amplifier in the second and 
the first quadrature section, respectively. 

17. A controllable quadrature oscillator as 
claimed in Claim 16, characterized in that the col- 
lector and the base of the one transistor in the 75 
transistor pair of the second amplifier of each of 

the two quadrature sections is connected to the 
base and the collector, respectively, of the other 
transistor. 

18. A controllable quadrature oscillator as 20 
claimed in Claim 16 or 17, characterized in that 
each collector of the transistor pair of the first 
amplifier in each of the two quadrature sections is 
connected to a supply voltage via a parallel ar- 
rangement of a collector resistor"" and a voltage 25 
divider, which voltage divider comprises two series 
resistors having a common node to which one of 

the two collectors of the transistor pair of the sec- 
ond amplifier is coupled via a resistor. 

19. A controllable "^quadrature oscillator as 30 
claimed in Claim 16, characterized in that each 
transistor of the second amplifier of each of the two 
quadrature sections is short-circuited from the col- 
lector to the base. 



40 



45 



50 



55 



10 



BNSDOCID: <EP 0371549A1J_> 



EP 0 371 549 A1 




FIG.2B FI6.2C 



1-1- PHN 12731 

BP 0371549A1J_> 



EP 0 371 549 A1 




2-3E-PHN 12731 



BNSDOCID: <EP 0371549A1_I_> 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 20 2963 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION Got. CU5) 



A,D 



US-A-3 936 773 (WILKINSON) 

* Column 1, line 35 - column 3, line 
17; figure 1 * 

US-A-4 145 670 (BODE) 

Column 1, line 48 - column 5, line 
45; figures 1-4 * 

GB-A-1 406 438 (MARCONI) 

* Page 2, line 73 - page 3, line 18; 
figure 2 * 



H 03 B 5/20 



TECHNICAL FIELDS 
SEARCHED (Int. Ct.5) 



H 03 B 
H 03 L 



The present search report has been drawn up for aU claims 



Place of 

THE HAGUE 



Date of coBpletioa of the 

01-03-1990 



DH0NDT I.E.E. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

aTi'member of lie same patent family, corresponding 
document 



BNSDOCID: <EP 0371549A1 J_> 



• » * 



THIS PAGE BLANK (USPTO) 



